Young adult Purkinje cell degeneration (pcd) mutant mice, with complete loss of cerebellar cortical Purkinje cells, are impaired in delay eyeblink classical conditioning. In the delay paradigm, the conditioned stimulus (CS) overlaps and coterminates with the unconditioned stimulus (US), and the cerebellar cortex supports normal acquisition. The ability of pcd mutant mice to acquire trace eyeblink conditioning in which the CS and US do not overlap has not been explored. Recent evidence suggests that cerebellar cortex may not be necessary for trace eyeblink classical conditioning. Using a 500 ms trace paradigm for which forebrain structures are essential in mice, we assessed the performance of homozygous male pcd mutant mice and their littermates in acquisition and extinction. In contrast to results with delay conditioning, acquisition of trace conditioning was unimpaired in pcd mutant mice. Extinction to the CS alone did not differ between pcd and littermate control mice, and timing of the conditioned response was not altered by the absence of Purkinje cells during acquisition or extinction. The ability of pcd mutant mice to acquire and extinguish trace eyeblink conditioning at levels comparable to controls suggests that the cerebellar cortex is not a critical component of the neural circuitry underlying trace conditioning. Results indicate that the essential neural circuitry for trace eyeblink conditioning involves connectivity that bypasses cerebellar cortex.
Introduction
Eyeblink classical conditioning is of demonstrated utility as a model system for the study of neurobiological mechanisms underlying associative learning and memory. A substantial body of data has demonstrated that the cerebellar interpositus nucleus ipsilateral to the conditioned eye is essential for the acquisition and maintenance of eyeblink conditioning (see Christian and Thompson (2003) for a review). In eyeblink conditioning, conditioned stimulus (CS) and unconditioned stimulus (US) information are transmitted to the cerebellum via mossy fibers originating in the pontine nuclei and climbing fibers originating in the inferior olive, respectively (Mauk, Steinmetz, & Thompson, 1986; Steinmetz, Lavond, & Thompson, 1989; Steinmetz, Rosen, Chapman, Lavond, & Thompson, 1986; Steinmetz et al., 1987) . This CS and US information converge upon (1) Purkinje cells in the cerebellar cortex and (2) the cerebellar interpositus nucleus (Gould, Sears, & Steinmetz, 1993; Steinmetz & Sengelaub, 1992; Thompson, 1986; Tracy, Thompson, Krupa, & Thompson, 1998) . Repeated pairings of this convergent information are hypothesized to yield robust synaptic plasticity (e.g., long-term depression -LTD; long-term potentiation -LTP) within each cerebellar region, resulting in learning of the contingent CS-US relationship (Hansel, Linden, & D'Angelo, 2001; Linden & Connor, 1995; Nores, Medina, Steele, & Mauk, 2000; Pugh & Raman, 2006) . Whereas it is widely-accepted that the cerebellar interpositus nucleus is essential for all forms of eyeblink classical conditioning, there is debate about the role of cerebellar cortical integrity in normal acquisition.
Lesions of the cerebellar cortex have produced dramatically different results, ranging from mild impairments to complete abolition of the eyeblink conditioned response (CR, Lavond & Steinmetz, 1989; Lavond, Steinmetz, Yokaitis, & Thompson, 1987; Yeo, Hardimann, & Glickstein, 1985) . A mutant mouse modelthe Purkinje cell degeneration (pcd) mouse -has provided valuable data for addressing this debate. Mice homozygous for the pcd mutation are born with Purkinje cells, but by the fourth postnatal week all Purkinje cells have been eliminated (Mullen, Eicher, & Sidman, 1976) . Importantly, the integrity of the interpositus nucleus is maintained in these mice (Chen, Bao, Lockard, Kim, & Thompson, 1996) . Since Purkinje cells represent the sole output of the cerebellar cortex, these mice exhibit a ''functional lesion" of the entire cerebellar cortex that obviates potential methodological pitfalls inherent with traditional lesion methods. Delay eyeblink conditioning -a paradigm in which the CS overlaps and coterminates with the US -is impaired in young adult pcd mice relative to controls, though pcd mice produce low levels of conditioning (Chen et al., 1996) . CR levels during delay eyeblink conditioning in pcd
